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ABSRACT 
 
          In this thesis work, adsorption technique has been applied for the removal of heavy metals such 
as Cu, Zn and Pb from water is rice husk. Rice husk is preferred to any other materials because of its 
abundant availability in India since rice production in India is very high and it’s cost is quite lower than 
other materials. It is a highly efficient adsorption material that show nearly 95- 100% removal of heavy 
metals from water. Rice husk is prepared into two types of adsorbents in this study, the first one is obtained 
by grounding the rice husk into small particles of size less than 355µm and the second one is prepared by 
burning the clean rice husk in muffle furnace and treating it with citric acid. The waste water is prepared 
synthetically in the laboratory by taking 1ppm to 20 ppm concentrations of metal solutions. The prepared 
water is treated against two adsorbents with controlled temperature, pH, and initial concentration of metals. 
One gram of adsorbent material is taken for each 100ml of prepared water; the solution is then stirred 
continuously for 24 hours at a speed of 250 rpm at 40 degree temperature. The results obtained from the 
experiment are recorded and graphs are plotted to study the behavior of the adsorbent material in removing 
heavy metals from the water. The results obtained as the removal efficiency of grounded rice husk for Zn, 
Pb and Cu are 99.09%, 97.52% and 93.36 %, respectively. The removal efficiency of carbonized rice husk 
for Pb, Cu and Zn are found to be 96.45%, 96.31% and 96.64%, respectively. With the increase in duration 
of stirring action, the removal efficiency of the adsorbent material increases. From the performed 
experiments, removal of Zn from 5ppm solution of Zn for 0.5,1,2,3,5,18 hours are 82.37%, 88.32%, 
90.51%, 92.48%, 93.98% and 97.19%, respectively. 
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    Adsorbent, carbonized rice husk, effluent treatment, grounded rice husk, heavy metals, waste water. 
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 INTRODUCTION 
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INTRODUCTION 
  
Heavy metals in water are originated from waste water of many industries. These heavy metals have 
hazardous effects on environment and human health. A little exposure to these heavy metals even at low 
concentration can cause many serious diseases (Kumar et al., 2012; Marin et al, 2010). So, the removal of 
heavy metals from water is to be considered seriously. Many techniques are adopted for decontamination 
of heavy metals from water. These methods include chemical precipitation, adsorption by activated carbon, 
member separation methods, coagulation, etc (Matheickal and Yu, 1999; Juang and Shiau, 2000; Lacour et 
al., 2001; Yan and Viraraghavan, 2001). The main disadvantage of these methods is high cost, low 
efficiency, labor intense operations, lack of selectivity. Therefore new methods are developed for 
decontamination of heavy metals from water (Gaballah and Kilbertus, 1998; Lee et al., 1998). So there is an 
urgency of finding new technique which will be effective to remove heavy metals from water. The new 
technique is of low cost, abundant in nature, has high potential for removal of heavy metals (Marshall et al., 
1999; Wafwoyo et al., 1999; Vaughanet al., 2001). The adsorbents used in this method are basically 
inexpensive sorbent material obtained from agricultural waste materials or from the by-products of other 
industries. The adsorbent material used for this project work is rice husk, as they are easily available in 
India, has great surface characteristics, posses a lot of free electrons, carbon, silica and hydrogen ions, 
which makes it a good adsorbent of heavy metals (Boota et al., 2009; Lasheen et al., 2012; Osman et al., 
2010). The rice husk is cleaned with de-ionized water then treated as per requirement to prepare them for 
treatment of laboratory prepared water contaminated with heavy metals. Two types of adsorbent material 
are prepared from the rice husk. The first adsorbent material is made by grounding the clean dry rice husk 
and sieving it, to obtain particle size less than 355µm. The small size particles give the greater surface area 
than the bigger size particles. Since the free electrons or hydrogen ions are highly present on the surface of 
the material and we know adsorption is a surface phenomenon, by increasing the surface area of the 
adsorbent material the efficiency of decontamination of heavy metals from water increase. The first 
adsorbent material is named as grounded rice husk (GRH). The second adsorbent material is prepared by 
burning the clean dry rice husk in muffle furnace at 500 degree temperature for 3 hours and then soaking it 
in 6M citric acid solution for 2 hours at 20 degree temperature, it is then further cleaned with distilled water 
and then dried. The second adsorbent is named as carbonized rice husk. The rick husk is burned and treated 
with citric acid to modify the carbon and silica contain in the material. The silica reduces the turbidity of 
water and activated carbon binds the non-polar materials while the polar materials remain in the solution. 
The waste water is prepared synthetically in the laboratory by taking 1ppm to 20ppm solutions of heavy 
metals of Cu, Zn and Pb. Then a definite amount 1-2 grams of adsorbent material is taken for each 100ml 
solution of heavy metals and stirred continuously for 24 hours in an electromagnetic stirrer. The 
experiment is carried out under certain optimize conditions, those are the temperature is made constant at 
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40 degree centigrade throughout the experiment, the solution of heavy metals with adsorbent added to it is 
stirred continuously for 24 hours at a constant speed of 250rpm, with constant pH. Then the time of stirring, 
pH of the solution and initial concentration of metals in the solutions is varied to study the behavior of the 
adsorbents under these specific conditions. The data and results of the experiment is observed and recorded 
for each adsorbents, graphs are plotted between respective parameters to show the behavior and efficiency 
for removal of heavy metals from water. 
 
 
OBJECTIVES OF THE STUDY 
 
 
• To determine the chemical composition of rice husks. 
• To establish optimized conditions and potentiality of rice husks for removing Cu (II), Zn (II), and 
Pb (II) ions from synthetically prepared effluent. 
• To study the effects of pH, time and initial concentration of metals on Cu (II), Zn (II) and Pb (II) 
adsorption. 
• To predict removal efficiency of rice husk. 
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LITERATURE REVIEW 
 
       The rice husk has high potential for removal of heavy metals like Cu, Zn, Pb in terms of its 
adsorption capacity, binding mechanisms, experimental conditions and pretreatment methods (Okoro & 
Okoro, 2011). The survey shows that the rice husk has an equal or even greater adsorption capacity 
compared to other conventional adsorbents. In future it is expected to replace the traditional adsorbents 
used for decontaminating heavy metals from water as it has great advantages such as high efficiency even 
with low metal concentrations, low cost, no additional nutrients requirements, and easy operation (Boota et 
al., 2009; Lasheen et al., 2012; Osman et al.,2010). 
       The main advantage of rice husk over other conventional methods is its strong affinity and high 
selectivity towards heavy metals; this is because of the presence of binding groups on its surface (Banerjee 
et al., 2010). It is of low coast because of being generated from agricultural waste; this can be easily 
processed, applied and recovered without any adverse impact on the environment. It is eco friendly and 
innovative, sustainable waste management. 
       The adsorption process of heavy metals from waste water is influenced by various physical and 
chemical parameters like pH, temperature, initial heavy metal concentration, amount of adsorbent, particle 
size of adsorbents etc. These parameters determine the overall adsorption through affecting the selectivity 
and amount of heavy metals removed. 
       Among process parameters, pH has a significant role in controlling the adsorption of heavy metals. pH 
values can affect the surface charge of rice husk, the degree of ionization and speciation of heavy metals, the 
competition of the metal ions with coexisting ions in solution (Park et al., 2010).As  the pH of the solution 
increases, the adsorption capacity of rice husk changes, removal of cationic metals increases, whereas that of 
anionic metals decreases. At lower pH, the overall surface charge of rice husk will be positive. The H+ ions 
compete effectively with the metal cations causing a decrease in adsorption capacity. When pH values increase, 
the rice husk surface becomes increasingly negatively charged which favours the metal ions uptake due to 
electrostatic interaction. At very high pH, the adsorption stops and the hydroxide precipitation starts (El-Sayed 
et al., 2011; Njoku et al., 2011; Taha et al., 2011). 
        Heavy metal ions can transport from the solution to the surface of adsorbent owing to a driving force 
made by the initial metal concentration in the solution (Sahmoune et al.,2011; Taha et al., 2011). It is found that 
maximum adsorption capacity of rice husk increases with increase in initial metal concentration in the solution. 
        Time also has great impact on the adsorption capacity of the rice husk. With increase in time or duration 
of treatment of solution, the adsorption capacity increases. After 48 hours, there is only a negligible amount of 
heavy metal is found in the solution. 
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METHODS ADOPTED 
 
 
Characterization and application of rice husk for removal of heavy metals from laboratory prepared waste 
water 
 
National Institute of Technology, Rourkela 
 
Page | s Page | 14 
 
METHODS ADOPTED 
Reagents and Samples 
 
Sample-1: Grounded rice husk 
 
       Rice husk shown in is obtained from rice mills. To prepare the powdered husks, they are initially 
ground and homogenised using a food blender with steel blades for 10 min. Particle sizes <355µm were 
obtained by passing the milled material through a steel sieve shown in fig.1. Afterwards, the ground husks 
are stored in polyethylene bottles (high density) and used without any other physical or chemical treatment. 
The experiments are to be carried out in conical flask. (C.R. Teixeira Tarley,M.A. Zezzi Arruda, 
Biosorption of heavy metals using rice milling by-products, Chemosphere, 54(2004): pp.988) 
      The wastewater used is prepared synthetically in laboratory by taking 100ml solution of Cu, Pb, Zn 
with varying concentration from 1ppm to 20ppm and, finally, solutions of metals used for calibration 
procedures in atomic absorption spectrometry. 
   
 
 
Fig.1 :355 µm sieve, used for sieving sample(powdered rice husk) 
 
Sample-2: Carbonized rice husk 
 
      Rice husk was washed 3-4 times with de-ionized water to remove all dirt in its original particle size 
followed by filtration and were oven dried at 100°C. The cleaned and dried rice husk was then kept inside 
the muffle furnace (shown in fig.2) at 500°C for 3 hours. The burned rice husks were soaked in 0.6M of 
citric acid for two hours at 20 degree temperature. The acid slurry is then oven dried at 50 degree and then 
the product was cleaned and dried and used without any other further treatment (I Nhapi, N Banadda, R 
Murenzi et.al., Removal of Heavy Metals from Industrial Wastewater Using Rice Husks, The Open 
Environmental Engineering Journal, 2011, 4: pp 172). It is called Carbonized Rice Husks (CRH) shown in 
fig.3.   
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   Fig2: Muffle Furnace                 Fig3: Rice husk after treatment  
 
  
Procedure to remove heavy metals from laboratory effluent 
 
For these experiments 100 ml of a solution containing Cu(II), Zn(II), and Pb(II) at 1ppm to 20ppm  
concentrations is to be added with the adsorbent and stirred continuously at 250 rpm speed in a 
electromagnetic stirrer ( shown in fig.5) for 24 hours at 40 degree constant temperature. Then the sample is 
allowed for settlement till clear water is seen on the surface, the sample the filtered and final concentration 
of metals is measured from the analysis using a Perkin-Elmer Model Analyst 200 atomic adsorption 
spectrometer shown in fig.4. The experimental parameters affecting the bioaccumulation of Cu (II), Zn and 
Pb (II) species are examined. The effect of pH on the ability of rice husks to adsorb metal ions was 
investigated. For this purpose, the pH values of the Cu (II), Zn and Pb (II) solution are varied from 2 to 6. In 
order to evaluate the treatment efficiency for other metals, after establishing the optimal conditions for Cu, 
Zn and Pb(II) laboratory effluent treatment. Thus, the initial and final concentrations of these metals are 
also determined, and the results are recorded. 
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                 Fig.4: Perkin-Elmer Model Analyst 200 atomic adsorption spectrometer. 
 
 
Fig5: Electro-magnetic stirrer. 
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CHAPTER-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHARACTERIZATION OF RICE HUSK 
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OBSERVATION 
 
Study of its chemical composition, morphological characteristic 
 
• Sample-1 (Grounded rice husk): 
 
Rice husk characterisation 
 
The morphological characteristics of rice husks are evaluated by using a Scanning electron microscope 
shown in fig.6. The rice husk samples are covered with a thin layer of gold and an electron acceleration 
voltage of 20 kV was applied. 
. 
 
 
Fig.6: Scanning electron microscope. 
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Fig.7:Scanning electron micrograph of rice husks (6355 lm) with (a) 100 and (b) 500 times of 
magnification. 
 
 
Fig.8(a): X-ray fluorescence spectrum of rice husks. 
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                         Fig 8(b):X-ray fluorescence spectrum of rice husks. 
 
The results show that grounded rice husk adsorbent material has high carbon and silica contain equal to 
47.28%  and 3.73% of the total weight of the adsorbent material respectively and all the other metals such 
as As, Zr, Cu and Pb are present in negligible amount in the adsorbent. 
 
• Sample-2 (Carbonized Rice Husk): 
 
Characterisation 
 
  The purpose of this work is to improve textural parameters of carbons obtained from rice husk 100g of 
carbonized rice husks were soaked in 0.6M of citric acid for 2 hours at 20°C. Acid husk slurry is dried 
overnight at 50°C and the dried husks are heated to 120°C under aerobic conditions. The reacted product is 
washed repeatedly with distilled water (200ml/g). Finally the cleaned rice husk is oven dried overnight at 
100°C (I Nhapi, N Banadda, R Murenzi et.al., Removal of Heavy Metals from Industrial Wastewater Using 
Rice Husks, The Open Environmental Engineering Journal, 2011, 4: pp 172). The test solutions are 
prepared by diluting of stock solution containing 100mg/l of Cu (II), Pb (II), Zn (II) to the desired 
concentrations i.e. 1ppm to 20ppm. 
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Fig 9: Scanning electron micrograph of rice husks (6355 lm) with (a) 100 and (b) 500 times of 
magnification. 
 
 
 
 
 Fig.10(a): X-ray fluorescence spectrum of rice husks. 
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Fig.10(b): X-ray fluorescence spectrum of rice husks. 
 
The results show that carbonized rice husk adsorbent material (CRH) has high carbon, oxygen and silica 
contain equal to 8.52%, 36.27%, and 43.41% of the total weight of the adsorbent material respectively and 
all the other metals such as Zn, and Pb are present in negligible amount in the adsorbent. 
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CHAPTER- 4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EXPERIMENTAL STUDY AND RESULTS 
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EXPERIMENTAL STUDIES AND OBSERVATIONS: 
 
Adsorption on grounded rice husk 
A series of adsorption experiment were conducted to establish the isotherms for Pb, Cu, Zn adsorption on 
grounded rice husk. This section presents the results result of the adsorption isotherm of different metal 
with grounded rice husk. 
                                                .                                  Table-1 
  
 
 
 
 Figure.11(a)  Zn vs time for grounded rice husk. 
The amount of metal absorbed per unit mass is calculated as : 
Qe=(Ci-Cf)V/m 
Where Ci and Cf are the initial and final concentration (mg/l),m is mass of adsorbent, V is the volume of the 
solution (m3).  
  
 
      With increase in time or duration of treatment of effluent the adsorption capacity of the material used 
shows an increase. After long duration around 48 hours the there will be a negligible amount of heavy 
metals left in the solution.         
 
 
 
Time(hr) Initial 
conc(mg/l) 
Final 
conc(mg/l) 
Qe(mg/g) % 
removal 
0.5 6.248 1.101 0.514 82.37 
1 6.246 0.729 0.5517 88.32 
2 6.21 0.589 0.5621 90.51 
3 6.162 0.463 0.5699 92.48 
5 6.153 0.370 0.5783 93.98 
18 6.063 0.170 0.5893 97.19 
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Fig 11(b): Zn vs time for grounded rice husk 
 
With increase in time or duration of treatment of effluent the adsorption capacity of the material used shows 
an increase. After long duration around 48 hours the there will be a negligible amount of heavy metals left 
in the solution.         
                                                                               Table-2                                                                                      
                                                                                             
Figure.12(a) Effect of initial concentration Zn on the adsorption capacity of grounded rice husks (mass of 
rice husk: 1.0g; particle size<355 micron). 
 
Increase in initial concentration of heavy metals in the solution shows a gradual increase in the adsorption 
capacity of adsorbent material. 
 
Initial  
conc 
(mg/l) 
Final 
conc 
(mg/l) 
Qe(mg/g) %  
removal 
1.033 0.135 0.089 86.93 
2.589 0.144 0.2445 94.43 
3.079 0.028 0.3051 99.09 
3.733 0.14 0.359 96.24 
4.778 0.773 0.4005 83.82 
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Fig.12(b) graph of initial concentration of Zn vs % removal. 
 
Increase in initial concentration of heavy metals in the solution shows a gradual increase then decrease after 
the pick in the adsorption capacity of adsorbent material. 
                                                                                                                                                                 
                                                                                   Table -3                                                                                                  
 
  
 
                                                                                                                 
Figure.13(a) Effect of initial concentration of Pb on the adsorption capacity of grounded rice husks (mass 
of rice husk: 1.0g; particle size<355 micron). 
 
 
Increase in initial concentration of heavy metals in the solution shows a gradual increase in the adsorption 
capacity of adsorbent material. 
 
 
Initial 
conc 
(mg/l) 
Final 
conc 
(mg/l) 
Qe 
(mg/g) 
%  
removal 
0.179 0.093 0.0086 48.044 
2.348 0.508 0.184 78.36 
2.567 0.267 0.230 89.59 
4.212 0.198 0.4095 95.29 
4.729 0.117 0.4531 97.52 
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Fig.13(b): graph of initial concentration of Pb vs its % removal. 
 
Increase in initial concentration of heavy metals in the solution shows a gradual increase then decrease after 
the pick in the adsorption capacity of adsorbent material. 
                                                                      
                                                            Table-4 
 
 
       
Figure.14(a) Effect of initial concentration of Cu on the adsorption capacity of grounded rice husks (mass 
of rice husk: 1.0g; particle size<355 micron) 
 
 
Increase in initial concentration of heavy metals in the solution shows a gradual increase then decrease after 
the pick and suddenly increases in the adsorption capacity of adsorbent material. 
 
 
 
Initial 
conc 
(mg/l) 
Final 
conc 
(mg/l) 
Qe(mg/g) %  
Removal 
0.889 0.059 0.083 93.36 
2.307 0.420 0.188 81.79 
3.271 0.468 0.280 85.69 
3.624 1.312 0.231 63.79 
4.762 0.969 0.3793 79.65 
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Fig.14(b) graph between initial concentration of Cu & its % removal. 
 
Increase in initial concentration of heavy metals in the solution shows a gradual decrease then sudden 
increase in the adsorption capacity of adsorbent material. 
 
 
                                                                    Table-5 
 
                                                                                                                                            
Figure.15(a) Effect of initial concentration of metals Zn, Cu, Pb on the adsorption capacity of grounded rice 
husks (mass of rice husk: 1.0g; particle size<355 micron)  
 
Initial 
conc(mg/l) 
Qe(mg/g) 
Zn 
Qe(mg/g) 
Cu 
Qe(mg/g) 
Pb 
1 0.089 0.083 0.0086 
2 0.2445 0.188 0.184 
3 0.3051 0.280 0.230 
4 0.359 0.2312 0.4095 
5 0.4005 0.3793 0.4531 
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The graphs shows comparison among the adsorption capacity for removing heavy metals Zn, Cu and Pb. 
The adsorption capacity of the material decreases in order Pb>Zn>Cu.                                                                     
 
 
Figure.15(b) Graph between  initial concentration of metals of the Zn, Cu, Pb and their respective 
%removal by grounded rice husk. 
 
The graphs show comparison among the adsorption capacity for removing heavy metals Zn, Cu and Pb. 
The adsorption capacity of the material decreases in order Cu>Zn>Pb. 
                                                                                                  Table-6 
  
                                                                                 
 
Figure.16 Effect of pH on removal of the Pb by the rice husk (mass of rice husk: 2.0g; particle size<355 
micron; 5 ppm of Pb for each) 
 
The graph shows the gradual increase then decrease in the adsorption capacity of the adsorbent material 
with increase in pH of the solution. 
PH Initial conc 
(mg/l) 
Final conc 
(mg/l) 
Qe(mg/g) 
2 0.891 0.677 0.0107 
3 0.347 0.0646 0.1412 
4 0.466 0.02282 0.2216 
5 0.636 0.1824 0.2268 
6 0.458 0.0406 0.2087 
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Adsorption on carbonized rice husk                                                                                         
                                                                                  Table-7 
  
                                                                           
Figure.17(a) Effect of initial concentration of Pb on the  adsorption capacity of carbonized rice husks 
(mass of rice husk: 1.0g). 
 The graph shows the gradual increase in the adsorption capacity of the material with increase in initial 
concentration of Pb. 
  
 
 
Fig.17(b): Graph of initial concentration of Pb vs its % removal in carbonized rice husk. 
 
The graph shows the gradual increase in the adsorption capacity of the material with increase in initial 
concentration of Pb. 
 
Initial conc 
(mg/l) 
Final conc 
(mg/l) 
Qe(mg/g) 
 
% removal 
5.3 0.68 0.462 87.16 
6.9 0.7 0.62 89.85 
7.92 0.72 0.72 90.78 
12.23 0.73 1.15 94.03 
21.15 0.75 2.04 96.45 
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                                                                                 Table-8                                                                         
 
   
 
Figure.18 (a) Effect of initial concentration of Cu on the adsorption capacity of carbonized rice husks (mass 
of rice husk: 1.0g) 
 
The graph shows the gradual increase in the adsorption capacity of the material with increase in initial 
concentration of Cu. 
 
  
 
Fig.18(b) graph of initial concentration of Cu vs its % removal in carbonized rice husk. 
 
The graph shows the gradual increase in the adsorption capacity of the material with increase in initial 
concentration of Cu. 
 
 
 
                                                                                      
Initial 
conc 
(mg/l) 
Final 
conc 
(mg/l) 
Qe(mg/g) % 
removal 
5.43 0.73 0.47 86.55 
6.87 0.74 0.613 89.22 
8.05 0.75 0.73 90.68 
12.76 0.76 1.20 94.04 
20.89 0.77 2.012 96.31 
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                                                                                   Table-9                                                                                
                                                                                        
 
                                                      
                                                         
Figure.19 (a) Effect of initial concentration of Zn on the adsorption capacity of carbonized rice husks (mass 
of rice husk: 1.0g). 
 
The graph shows the gradual increase in the adsorption capacity of the material with increase in initial 
concentration of Zn. 
 
 
 
 
Fig.19(b) graph of initial concentration of Zn vs its % removal in carbonized rice husk. 
 
The graph shows the gradual increase in the adsorption capacity of the material with increase in initial 
 Initial 
conc 
(mg/l) 
Final 
conc 
(mg/l) 
Qe(mg/g) % 
removal 
5.38 0.65 0.473 87.91 
6.93 0.72 0.621 89.61 
7.89 0.74 0.715 90.62 
14.02 0.78 1.324 94.43 
23.85 0.80 2.305 96.64 
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concentration of Zn. 
 
 
 
   
 
Fig.20.(a) & (b): Comparison graph among Cu, Pb & Zn. 
 
                                               Table-10 
 
          
 
 
 
 
 
                                           
 
The adsorption capacity of the material decreases in order of Zn>Pb>Cu. The adsorption capacity increases 
with increase in initial concentration of heavy metal present in the solution and is true for each metal. 
 
 
 
 
 
 
Initial 
conc(mg/l) 
% removal % removal % removal 
5 87.16 86.55 87.91 
7 89.85 89.22 89.61 
9 90.78 90.68 90.62 
14 94.03 94.04 94.43 
20 96.45 96.31 96.64 
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CONCLUSIONS 
  
         The chemical characterization obtained from the analysis of scanning electron microscope of rice 
husk shows carbon and silica content in the grounded rice husk as 47.28% and 3.73%, respectively. The 
results show carbon, oxygen and silica content in carbonized rice husk as 8.52%, 36.27% and 43.41%, 
respectively. 
         After the chemical characterization, the material was used for removing Zn, Cu and Pb from 
laboratory prepared effluents. Under certain optimized conditions such as constant temperature of 40 
degree centigrade, speed of stirring action as 250rpm for 24 hours, 1 g of adsorbent per each 100ml solution 
of heavy metals, the results obtained are summarized as: 
• The adsorption capacity of grounded rice husk decreases in order Pb > Zn > Cu. 
• The adsorption capacity of grounded rice husk for removing metals increases with increasing pH of 
the solution. 
• Longer duration of time gives high values of adsorption capacity. 
• High initial concentration of metals mostly gives high values of adsorption capacity. 
• The adsorption capacity of carbonized rice husk decreases in order of Zn > P b > Cu. 
• Carbonated rice husk and grounded rice husk demonstrated higher potential to remove relatively all 
selected heavy metals. 
• After 48 hours it will leave a negligible amount of metals in the treated water. 
• The efficiency of both the adsorbents in the removal of desired heavy metals was 95-100%, or 
nearly 100%.  
•  The results show the removal efficiency of grounded rice husk for Zn, Pb and Cu as 99.09%, 
97.52% and 93.36 %, respectively. The removal efficiency of carbonized rice husk for Pb, Cu and 
Zn is found to be 96.45%, 96.31% and 96.64%, respectively. Increase in the duration of stirring 
action the removal efficiency of the adsorbent material increases. As per the observation, removal 
of Zn from 5ppm solution of Zn for 0.5,1,2,3,5,18 hours are 82.37%, 
88.32%,90.51%,92.48%,93.98% and 97.19%, respectively. 
 
        
 
 
 
 
 
 
 
 
 
 
 
 
Characterization and application of rice husk for removal of heavy metals from laboratory prepared waste 
water 
 
National Institute of Technology, Rourkela 
 
Page | s Page | 36 
 
 
CHAPTER-6 
 
 
 
 
 
 
 
 
 
 
 
 
 
REFERENCES 
 
 
Characterization and application of rice husk for removal of heavy metals from laboratory prepared waste 
water 
 
National Institute of Technology, Rourkela 
 
Page | s Page | 37 
REFFERENCES 
 
    1.   Banerjee, K., Ramesh, S.T., Nidheesh, P.V., Bharathi, K.S., 2012. A novel agricultural 
         waste adsorbent, watermelon shell for the removal of copper from aqueous solutions. 
         Iranica J. Energy Environ. 3, 143-156. 
    2.   Kumar, P.S., Ramalingam, S., Sathyaselvabala, V., Kirupha, S.D., Murugesan, A., 
         Sivanesan, S., 2012. Removal of Cd(II) from aqueous solution by agricultural waste 
         cashew nut shell. Korean J. Chem. Eng. 29, 756-768. 
    3.   Wan Ngah, W.S., Hanafiah, M.A.K.M., 2008. Removal of heavy metal ions from 
         Waste water by chemically modified plant wastes as adsorbents: A review. Bio-resoure 
         Technol. 99, 3935-3948.  
 4.   Jiménez-Cedillo, M.J., Olguín, M.T., Fall, C., Colin-Cruz, A., 2013. As(III) and As(V) sorption   
on  iron-modified non-pyro-lyzed and pyro-lyzed biomass from Petro-selinum crissum (parsley). 
J. Environ. Manage. 117,  242-52. 
    5.   Okoro, I.A., Okoro, S.O., 2011. Agricultural by-products as green chemistry absorbents for the  
removal and  recovery of metal ions from wastewater environment. Continental  J. Water Air 
Soil Pollut. 2, 15-22. 
   6.   Boota, R., Bhatti, H.N., Hanif, M.A., 2009. Removal of Cu(II) and Zn(II) using lingo-cellulosic   
fiber derived from citrus reticulata (Kinnow) waste biomass. Sep. Purify. Technol. 44, 4000-4022. 
 
  7.   N.A. Khan, S. Ibrahim, and P. Subramaniam, “Elimination of heavy metals from wastewater using 
Agricultural wastes as adsorbents”, Malaysian Journal Science, vol. 23, pp. 43-51, 2004. 
 
    8.  W. Nakbanpote, P. Thiravetyan, and C. Kalambaheti, “Preconcentration of gold by rice husk ash”, 
Minerals Engineering, vol. 13, pp. 391-400, 2000.    
 
    9.  Giri, A.K., Patel, R., Mandal, S., 2012. Removal of Cr(VI) from aqueous solution by Eichhornia 
crassipes root biomass-derived activated carbon. Chem. Eng. J. 185-186 71-81. 
 
    10.  Kumar, U., Bandyopadhyay, M., 2006. Sorption of cadmium from aqueous solution using pretreated    
rice husk. Bioresour. Technol. 97, 104-109. 
 
    11.  Park, D., Yun, Y., Park, J.M., 2010.The past, present, and future trends of biosorption. Biotechnol.  
Bioprocess Eng. 15, 86-102. 
  
    12.  Taha, G.M., Arifien, A.E., El-Nahas, S., 2011. Removal efficiency of potato peels as a new biosorbent 
material for uptake of Pb(II), Cd(II) and Zn(II) from the aqueous solutions. J. Solid Waste Technol. 
Manage. 37, 128-140. 
 
    13. Marin-Rangel, V.M., Cortes-Martines, R.,Villanueva, R.A.C.,Garnica -ssRomo, M.G., 
Martinez-Flores, H.E., 2012. As(V) biosorption in an aqueous solution using chemically treated lemon 
(Citrus aurantifolia swingle) residues. J. Food Sci. 71, 10-14. 
Characterization and application of rice husk for removal of heavy metals from laboratory prepared waste 
water 
 
National Institute of Technology, Rourkela 
 
Page | s Page | 38 
 
    14.  Low, K.S., Lee, C.K., Liew, S.C., 2000. Sorption of cadmium and lead from aqueous solutions by 
spent grain. Process Biochem. 36, 59–64. 
 
    15.  Madrid, Y., Barrio-Cordoba, M.E., C_amara, C., 1998. Biosorption of antimony and chromium 
species by Spirulina platensis and Phaseolus. Applications to bioextract antimony and chromium from 
natural and industrial waters. Analyst 123, 1593–1598. 
 
    16. Marshall, W.E., Wartelle, L.H., Boler, D.E., Johns, M.M.,Toles, C.A., 1999. Enhanced metal  
adsorption by soybean hulls modified with citric acid. Bioresour. Technol. 69, 263–268. 
 
    17.  Matheickal, J.T., Yu, Q., 1999. Biosorption of lead(II) and copper(II) from aqueous solutions by 
pre-treated biomass of Australian marine algae. Bioresour. Technol. 69, 223–229. 
 
    18.  Matos, G.D., Arruda, M.A.Z., 2003. Vermicompost as natural adsorbent for removing metal ions from 
laboratory effluents. Process Biochem. 39, 81–88. 
 
    19. Puranik, P.R., Paknikar, K.M., 1997. Biosorption of lead and zinc from solutions using 
Streptoverticillium cinnamoneum waste biomass. J. Biotechnol. 55, 113–124. 
 
    20.  Schiewer, S., Wong, M.H., 1999. Metal binding stoichiometry and isotherm choice in biosorption. 
Environ. Sci. Technol.33, 3821–3828. 
 
    21.  Solum, M.S., Pugmire, R.J., Jagtoyen, M., Derbyshire, F.,1995. Evolution of carbon structure in 
chemically activated wood. Carbon 33, 1247–1254. 
 
    22.  Swarup, A., 1989. Transformation and availability of iron and manganese in submerged sodic soils in 
relation yield and nutrition of rice. Fert. News 34, 21–23. 
 
    23.  Teng, H., Wei, Y., 1998. Thermogravimetric studies on the kinetics of rice hull pyrolysis and the 
influence of water treatment. Indian Eng. Chem. Res. 37, 3806–3811. 
 
    24.  Vaughan, T., Seo, C.W., Marshall, W.E., 2001. Removal of selected metal ions from aqueous solution 
using modified corncobs. Bioresour. Technol. 78, 133–139. 
 
    25.  Wafwoyo, W., Seo, C.W., Marshall, W.E., 1999. Utilization of peanut shells as adsorbents for selected 
metals. J. Chem.Technol. Biotechnol. 74, 1117–1121. 
 
    26.  Yan, G., Viraraghavan, T., 2001. Heavy metal removal in a biosorption column by immobilized M. 
rouxii biomass.Bioresour. Technol. 78, 243–249. 
     
    27.  Della, V.P., Kuhn, I., Hotza, D., 2001. Caracterizac_~ao de cinza de casca de arroz para uso como 
mat_eria-prima na fabricac_~ao de refrat_arios de s_ılica. Quim. Nova 24, 778–782. 
 
    28.  Dos Santos, M.C., Lenzi, E., 2000. The use of aquatic macrophytes (Eichhornia crassipes) as a 
biological filter in the treatment of lead contaminated effluents. Environ. Technol. 21, 615–622. 
Characterization and application of rice husk for removal of heavy metals from laboratory prepared waste 
water 
 
National Institute of Technology, Rourkela 
 
Page | s Page | 39 
    29.  Dugger, D.L., Stanton, J.H., Irby, B.N., McDonnell, B.L.,Cummings, W.W., Maatman, R.W., 1964. 
Exchange of 20 metal ions with weakly acidic silanol group of silica gel. J. Phys. Chem,––US 68, 
757–760. Dushenkov, V., Kumar, P.B.A.N., Motto, H., Raskin, I., 1995. 
 
    30.  Rhizofiltration: the use of plants to remove heavy metals from aqueous streams. Environ. Sci. Technol. 
29, 1239–1245. 
 
    31.  Emsley, J., 1991. The Elements, second ed. Oxford University Press, New York. EPA, 2000. 
Environmental Protection Agency. Code of federal regulations. Chapter I. Part 437. Subpart 
A––Metals treatment and recovery, Section 437.11. 
 
    32.  Freitas, J.C.C., Cunha, A.G., Emmerich, F.G., 1997. Physical and chemical properties of a Brazilian 
peat char as function of HTT. Fuel 73, 229–232. 
 
    33.  Gaballah, I., Kilbertus, G., 1998. Recovery of heavy metal ions through decontamination of synthetic 
solutions and industrial effluents using modified barks. J. Geochem. Explor. 62,241–286. 
 
    34.  IBGE, 2002. Brazilian Institute of Geography and Statistics, Research Division––DIPEQ/SC. 
Systematic Survey of Production Agriculturist, Florian_opolis. Jansson-Charrier, M., Guibal, E., 
Roussy, J., Surjous, R., Le Cloirec, P., 1996. Dynamic removal of uranium by chitosan: influence of 
operating parameters. Water Sci. Technol. 34, 169–177. 
 
    35.  Juang, R.S., Shiau, R.C., 2000. Metal removal from aqueous solutions using chitosan-enhanced 
membrane filtration. J Membrane Sci. 165, 159–167.  
 
    36.  Juliano, B.O., 1985. Rice Chemistry and Technology. American Association of Cereal Chemistry, 
New York. Kamath, S.R., Proctor, A., 1998. Silica gel from rice hull ash: preparation and 
characterization. Cereal Chem. 75, 484–487. 
 
    37.  Khalid, N., Rahman, A., Ahmad, S., Toheed, A., Ahmed, J., 1999. Adsorption behavior of rice husks 
for the decontamination of chromium from industrial effluents. J. Radioan.Nucl. Chem. 240, 775–781. 
    38.  Lacour, S., Bollinger, J.C., Serpaud, B., Chantron, P., Arcos,R., 2001. Removal of heavy metals in 
industrial wastewaters by ion-exchanger grafted textiles. Anal. Chim. Acta 428,121–132. 
 
    39.  Lee, S.M., Davis, A.P., 2001. Removal of Cu(II) and Cd(II) from aqueous solution by seafood 
processing waste sludge. Water Res. 35, 534–540. 
 
    40.  Lee, S.H., Jung, C.H., Chung, H., Lee, M.Y., Yang, J., 1998.Removal of heavy metals from aqueous 
solution by apple residues. Process Biochem. 33, 205–211. 
 
    41.  Leusch, A., Volesky, B., 1995. The influence of film diffusion on cadmium biosorption by marine 
biomass. J. Biotechnol. 43,1–10. 
 
    42.  L_opez Pasquali, C.E., Herrera, H., 1997. Pyrolysis of lignin and IR analysis of residues. Thermochim. 
Acta293, 39–46. 
 
 
 
Characterization and application of rice husk for removal of heavy metals from laboratory prepared waste 
water 
 
National Institute of Technology, Rourkela 
 
Page | s Page | 40 
 
    43.  Atkinson, B.W., Bux, F., Kasan, H.C., 1996. Bioremediation of metal-contaminated industrial 
effluents using waste sludges. Water Sci. Technol. 34, 9–15. 
 
    44.  Bailey, S.E., Olin, T.J., Bricka, R.M., Adrian, D.D., 1999. A review of potentially low-cost sorbents 
for heavy metals. Water Res. 33, 2469–2479. 
 
    45.  Benguella, B., Benaissa, H., 2002. Cadmium removal from aqueous solutions by chitin: kinetic and 
equilibrium studies. Water Res. 36, 2463–2474. 
 
    46.  Chen, J.P., Hong, L., Wu, S., Wang, L., 2002. Elucidation of interactions between metal ions and Ca 
alginate-based on ion-exchange resin by spectroscopic analysis and modelling simulation. Langmui 
18, 9413–9421. 
 
    47.  CONAMA, 1986. National Council of Environment. Resolution number 20, June 18. 
 
    48. C.R. Teixeira Tarley,M.A. Zezzi Arruda, Biosorption of heavy metals using rice milling                   
by-products, Chemosphere, 54(2004): pp.988. 
 
    49.  I Nhapi, N Banadda, R Murenzi et.al., Removal of Heavy Metals from Industrial Wastewater  
Using Rice Husks, The Open Environmental Engineering Journal, 2011, 4: pp 172 
 
 
 
 
 
       
 
